NOTICE 


THIS DOCUMENT HAS BEEN REPRODUCED FROM 
MICROFICHE. ALTHOUGH IT IS RECOGNIZED THAT 
CERTAIN PORTIONS ARE ILLEGIBLE, IT IS BEING RELEASED 
IN THE INTEREST OF MAKING AVAILABLE AS MUCH 
INFORMATION AS POSSIBLE 
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2, Tccl»iqtt«i 

Data uaa4: Magaat Invaatigator B taat tapes 
Hagsat la^atigator 3 data tapat 
Tapas of salaetad data cm IS aagBeticallp quiat daps 
S^Mrical haraonic aodala of tha gaoaagiMtic fiald pr^ucad 
fr<» Magsat data by 6STC 
I I Prograas uMd: GSWC prograa for aaalysi^ salact«i quiat day data 

t ‘ i 

toalysis pro^aa producing spharical haraonic aodals 
of the gecMsagnetic field and including) besides the 
usual internal poloidal field* external and toroidal 
fields 

Various test program produced by IGS and Liverpool groups 


3. Accoaplishaents 

Investigator B test tapes were read successfully. A start had been aade 
on a preliminary survey of the first batch of Investigat' r B data tapes 
%dien it was discovered (and later verified by NASA) that these were not 
error-free. It was decided to postpone further work on these tapes until 
corrected versions were received. These finally arrived at the end of the 
reporting period. 

The selected quiet-day data are of particular interest to the Liverpool 
group. They have experienced some difficulties with the GSFC analysis 
program* particularly concerning the altitude correction. Tests of 
Maxwell's equations against other proposed modified equations have 
begun and initial results look promising. 

The 1980 World Chart spherical model has been cohered with the MGST 
(3/80) and }^ST(6/80) models. Agreement in declination is satisfactory 
(to within ^ 0?5) between latitudes of 50°N and 50°S* the region where 
Magsat vector data were used in the KGST im>dels. 


4, Significmt 

The invettigetlra is at too earlier a stage for there to be any really 
significant results to be Kmotmeed. The agreaient of the 1980 florid 
Oiart nodel trith the Hagsat data (as represented by the MOST (3/80) «id 
(6/80) Bodels) is reassuring* hoM«ver. 

5. Publicati<ms 

^ . 

Barraclough* D.R., 1981. Geimagnetic field sodelling using satellite 
data* 290* 86. 


6. Probleas 

Delays in delivery of Investigator B data tapes and errors in the first 
batch of tapes have caused hold-ups in the investigation. 

7. Data quality and delivery. 

See resarks in Section 6. 
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coal, there is much interest in Anding plant 
species that will pow on mine s^t. 
reproducing rapidly and providing erosion 
ceniroi, aid, if possible, grazing for 
livestock and food and cover for wildlife. 
The clear need for such plants to be non- 
poisonous gives special u^ency to the 
pre^a n un e outlined above. C 


Geomagnetic field modelling 
using satellite data 


f/aa XUsdd M* namaclBi^^ 

AcctJCATE DEScaiPTWNS of the Earth’s 
nu^i»tic field are useful for navt^tional 
purposes and form the basis for many 
$dati& studies. Such descriptions usually 
take the form of mathematical models, 
most often in terms of an expansion in 
snherical harmon.es, and magMk charts 
can readily be produc e d from the models. 
A major difficulty in producing 
geomagnetic field models has always been 
the acquisition of an up-to-date and well 
distributed set of accurateobsers ations. As 
a satellite in a polar orbit can survey the 
entire globe in a matter of days, it was an 
obvious step to use such a satellite to 
measure the geomagnetic field. 

The most recent satellite survey of the 
feomagnetic field was performed by the 
NASA /US Geological Survey satellite 
Magsat between November 1979 and June 
1980. Magsat differed from previous 
geomagnetic survey satellites in that it was 
able to measure not only the strength of the 
field but also its direction. 

Since the geomagnetic field is derivable 
from a scalar potential which satisfies 
Laplace's equation, it was possible to use 
the earlier satellite observations of F to 
refine existing models of the field. 
Although such models fitted the input F 
data very well (with a r.m.s. residual of 
about 10 nT), there was evidence that they 
did not describe the vector geomagnetic 
field as accurately (Ben’kova el al. Bull, 
int. Ass. Geomag. Aaron. No. 152-163; 
1971; Fabiano St Peddie J. geophys. Res. 
76, 3816; 1971). These findi^ led to 
several theoretical studies of the 
production of field models from F 
observations alone. 

Hurwitz and Knapp {/ geophys. Res. 
79,3009; 1974) and Barraciough and Nevitt 
{Phyt. Earth fOamt. Interiors 13, 123; 
1976). using simulated data with noise 
add^, verified that good fits to Fdid not 


David R. Barractovsk Bin the Geomagnetism 
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guarantee a good description of the other 
field componenu. In particular, large 
errors in the vertical comptment (Z) of the 
field occurred near the dq>-equator (the 
line of zero inclination). In terms of the 
coefficients of the spherical harmonic 
model, those having equal values of m and 
n were least wed determined. 1 nese are the 
sectorial harmonics, which divide the 
surface of a sphere into segments like thc»e 
of an orange. It was also shown that the 
large errors could be removed by using 
small amounts of vector data (about 10 per 
cent of the total) covering the equatorial 
r^ion. 

Hurwitz and Knapp (qp. at . ) and Lowes 
{Geophys. J. R. astr. Soc. 42, 637; 1975) 
showed that the root of the problem lay 
with what they termed the perpendicular 
error effect. When fittiog only a single 
component of a vector field, the perpen- 
dicular components synthesized from the 
resulting moidel can have errors associated 
with them which art considerably larger 
than the errors in the component fitted. 
This results from the lack of constraints in 
the perpendicular directions. In some 
cases, for example the production of 
models from Z data only, the 
perpendicular error effect is of minor 
importance because of the particular con- 
figuration of the geomagnetic field. It turns 
out, however, that fittit^ F data is a 
particularly bad choice. The perpendicular 
error effect leads to large errors in Z and 
these are especially troublesome where Z is 
small, that is, near the dip-equator, as 
noted above. 

Backus (Q. JIMech. appl. Math. 21, 195; 
1968; J. geophys. Res. 75. 6339; 1970; 
Caophys. Has. Lati. 1, 21; 1974) 
investigated whether modeb derived from 
Fdau alone were unique and showed that, 
under certain conditions, they were not. In 
practical field m o dellin g using real data 
these conditions for non-uniqueness are 
not fulfilled. Stem and Bredekamp (J. 
geophys. Res. 80. 1776; 1975) have, 
however, show n that certain series of terms 


called 'Backus stria*) contte of terms 
whidi all have the tame value of m. Each 
terks startt with a icciiewal (» ■ m) term 
and succeeding terms have aim at « 
equal tom -I- 2, in -1-4,111 4- 6, and so on. In 
agreement whk the findings noted above. 
Stern and Bredekamp found, using 
simulated data, that the terms with m ■ ii 
had the larpst uncertainty for a given 
teria. 

Now that data are available from 
Magsat, it is possible to study these effects 
using real data. Stem Hal. iCaephys. Rat. 
Latt. 7, 941; I960), in tme trf the firtf 
reptms of resohs from Magsat, have made 
an initial at. ipt at this. They have 
compared two rn'ideb. (»e based on vector 
dau from early in the M^at m^km 
(November 1979) and the other based only 
on scalar (F) data collected at about the 
same time. Valua of Z c omputed from the 
two modeb differed by up to 2,300 nT at 
the Earth's surface and by up to 1 ,500nT at 
the satellite’s altitude. (For comparison, 
typical mid-latitude valua of Z are of the 
oroer ot 4ti,0U> nT. i rhediiicroicci, »uvfl 
plotted on a world map, showed a pattern 
of six foci, all p<»itioned very near to the 
dip-equator. When the two modeb were 
compared coefficient by coefficient, those 
in the Backus teria described above did 
indeed show larger differenca than the 
coefficients not belonging to such serks. 
There were suggations that other effects 
were present affecting the ’non-Backus’ 
terms and work is in progress in this area. 

Thus, the doubts cast on geomagnetic 
field modeb based solely on Fdata seem to 
be confirmed. Fortunately there are 
relatively few such modeb and most of 
these have been produced for specific 
purposa related to the scalar dau on which 
they wer e base d. Most producers of modeb 
for navigational and general scientific 
purposa (for example, Barraciough rf el. 
Geophys. J. R. astr. Soc. 43, 645; 1975: 
Barker el al. Geophys. J. R. astr. Soc. in 
the preu) have been careful to use F 
observations as only a part of the input 
data and their modeb wilt therefore be free 
from the defickneia discussed above. 
Potential users of field modeb should be 
wary in their choice of modeb. Fkki 
modeb based solely on Fdata can be used 
with some confidence if one is intcrated 
only in the intensity at the geomagnetic 
field. If vector information is needed it b 
best to avoid such modeb and to use 
instead one of the modeb based on 
component data as well as F data. The 
International Association of Geomag- 
netism and Acronomy, at its next sckntific 
assembly this summer, plans to 
recommend an International Geomagnetic 
Reference Field which should provide a set 
of reliable models describing the 
geomag net ic field tinc^ 1 965 . C 
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